This paper presents the dynamic analysis of a half-car model with a magnetorheological (MR) damper subjected to random excitation. Experimental studies have been conducted to predict the behavior of the prototype twin-tube MR damper. The mathematical model of the prototype MR damper has been proposed by using the Bouc-Wen model. The half-car model with the MR damper has been used to predict the ride comfort and road holding performance. Comparative studies between the half-car model with the passive and semi-active suspension system with a proportional-integral-derivative (PID) control shows that the MR damper suspension system offers a good performance.
INTRODUCTION
The vehicle suspension system is used to mitigate vibrations which are transmitted from the road surface to the vehicle body. A good ride comfort requires a soft suspension, whereas a hard suspension is required for carrying heavy loads. A good handling of vehicles requires a suspension system which makes for better trade-offs between the above stated two criteria. In order to fulfill these conflicting requirements, a fully active or semi-active suspension system is preferred over a conventional passive suspension system. Active and semi-active suspensions are attracting more attention in improvement of both ride comfort and road holding. In particular, semi-active suspension offers a desirable performance enhanced by an active suspension without requiring high power consumption and expensive hardware.
Magneto-rheological (MR) dampers are semi-active devices that use MR fluids to provide controllable damping force. A typical MR fluid consists of 20-40 percent by volume of relatively pure (3-10 micron diameter size) magnetizable particles suspended in a carrier liquid such as mineral oil, synthetic oil, water or glycol. When the MR fluid is exposed to a magnetic field, particles in the fluid form chain-like structures in the direction of the applied magnetic field, and the fluid becomes like a semisolid material in a few milliseconds, by which it creates a resistance against the fluid flow. The yield stress of the fluid can be controlled very accurately by varying the magnetic field 1intensity. Ashfak et al. 11 and Wang et al., 12 carried out experimentations to study the dynamic characteristics of an MR damper and used the feed-forward recurrent neural network method to predict the behavior of the MR damper. Prabakar et al., 13 evaluated the control of stationary response of the quarter car model for random excitation with the MR damper, and the optimal parameters of the MR damper were found using multi-objective optimization technique. Butz et al., 14 provided an overview of properties of electro and MR fluids and their applications. They also discussed various phenomenological models of electrorheological (ER) and MR devices. Gopala and Narayanan, 15 reported dynamic responses using the twodegree freedom quarter car model with nonlinear passive elements traversing a rough road with the sky-hook control strategy. Abdolvahab et al., 16 and Agharkakli et al., 17 studied the passive and active suspension system by using the quarter car model. Chen, 18 proposed a sky-hook surface sliding mode control method to semi-active vehicle suspension system for its ride comfort enhancement. Rao et al., 19 evaluated the ride comfort of off-road vehicles by replacing the normal passive damper with a controllable, two-state, semi-active damper and compared it to the passive suspension system. Sireteanu and Stoia 20 optimized the system nonlinear damping characteristics of passive and semi-active suspension with respect to ride comfort criterion. The proposed model shows that semi-active suspension with dry friction can provide good comfort improvement in comparison to passive suspensions. Turnip et al., 21 investigated the numerical aspect of sensitivity control of a MR damper. They modelled a MR damper by using a non-
